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What is genetics?
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Study of how genetic information is… 
• stored in the cell
• expressed
• heriated from parents to offspring

And how it contributes to variation within 
and between organisms



4

From DNA to 
genetic data



Human DNA
23 chromosome pairs

in the cell nucleus

Mitochondrial DNA (mtDNA)

Figure: Diagram of typical generalised human cell (Wikimedia Commons)



Source: https://nci-media.cancer.gov/pdq/media/images/761781-571.jpg

DNA, genes and 
chromosomes

DNA: Double helix containing the 
bases: Adenine, Tymine, Cytosine, 
Guanine 

Chromosomes: Tightly coiled DNA

Genes: Small sections of DNA, 
coding proteins

Note: Most of the chromosomes are 
composed of DNA sequences that 
either lack a known function or 
whose function is not yet 
understood.



Source: https://nci-media.cancer.gov/pdq/media/images/761781-571.jpg

Genes and genetic data

Note: The term genome or 
genomic data refers to the 
complete set of genetic 
information in an organism.

Genetic data
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1. DNA is extracted
from blood samples or 
other biological
material 

2. The DNA is 
sequenced using
sequencing machines 3. Data from the DNA 

are presented in 
different formats



DNA sequencing

Purpose

• To figure out the exact order of bases adenine, thymine, 
cytosine, and guanine (A, T, C, G) in a DNA molecule.

How is it done

• Example video: Overview of Illumina Sequencing by Syntesis
Workflow (youtube.com)

Formats of resulting files 

• FASTQ, BAM/SAM, VCF
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Source: https://www.genomicseducation.hee.nhs.uk/education/core-concepts/what-is-epigenetics. 
Screenshot from https://allhealthtech.com/fast-cheap-genome-sequencing-novaseq-x-series

• Faster sequencing machines

• Lower costs

• Higher quality, and more detailed data

• Studying more parts of the DNA
• Example: the whole genome and how genes are

regulated (epigenetics)

Rapid Development in 
Sequencing Technology
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Core file 
formats
FASTQ
• Text-based format 
• Stores raw reads with quality scores 

BAM
• Stores reads aligned to a reference 

genome
• Compressed, binary format, efficient 

for large datasets
• Not human-readable directly (need 

tools like samtools to view it)

VCF
• A text format that stores genetic 

variants (differences from a reference 
genome), such as SNPs or insertions.

@SEQ_ID_1
ACGTGACCTGA
+
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Source: https://nci-media.cancer.gov/pdq/media/images/761781-571.jpg

Genes and genetic data
- summary

Genetic data
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Bildet er Hentet fra: “Finding genes with ORFs” (Dodona)

Genes and genetic data

Length of a gene: 
Between a few hundred 
base pairs and over 2,4 

million base pairs.

Note: The reading of a 
gene starts at the “start 
codon”, and ends at the 

“stop codon”



Messenger RNA
(mRNA)



Gene Expression

Protein (made of 
amino acids)

The mRNA 
that is read

Gene expression = turning 
genetic information into 
something the cell can use:

1. The cell copies a gene 
from DNA into mRNA

2. mRNA leaves the nucleus

3. mRNA is used as a 
template to build a protein



mRNA

Each set of 3 nucleotides (= reading 
frame) is translated into a single 
amino acid. 

(protein)



• can occur when cells copy their DNA, or 
due to external factors such as radiation, 
chemicals, or some viruses

• can be inherited, or they can arise during 
life

• are often repaired by the cell’s DNA 
repair systems

• occur frequently in all individuals, but 
only a small number lead to disease or 
increased disease risk

• can be identified through genetic testing, 
which may reveal mutations linked to 
certain diseases

Genetic errors (mutations)

Genetic
error



(T)

(T)

(T)

(T)

(T)

(T)

The nucleotides 
found in RNA:
U = Uracil
C = Cytosine
A = Adenine
G = Guanine

RNA uses uracil (U) 
instead of thymine 
(T), which is used in 
DNA.



Serine

Valine

Arginine

Leucine

Proline

Excercise 1

• What amino acids are
produced by the
following RNA strand? 

• Use the codon table

(answer in red)



Serine
Threonine

Valine (not 
changed)

Arginine

Leucine STOP

C

G

C Excercise 2

• What amino acids are
produced by the
following RNA strand, 
containing errors? 

• Use the codon table

(answer in red)



Serine Arginin

Valine Leucine

Arginin Glycine

Leucine Tyrosine

Excercise 3

• What amino acids are
produced by the
following RNA strand, 
when a nucleotide is 
missing? 

• Use the codon table

(answer in red)
(…)



Frameshift mutation
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Frameshift mutation is when an insertion or 
deletion changes the entire reading frame of a 

gene.



What are the consequences of the change?

From no effect to big consequences

• Diseases

• Developmental disorders

• Increased disease risk

• Changed response on medication (called pharmacogenetics)

25



Point mutation (single nucleotide change)HBB

Sickle cell anemia



27

Duplication
BRCA1

Called «BRCA1 c.5266dup» 
(p.Gln1756fs)

Petrucelli N, Daly MB, Pal T (September 1998). "BRCA1- and BRCA2-Associated Hereditary Breast and Ovarian Cancer". In Adam MP, 
Feldman J, Mirzaa GM, Pagon RA, Wallace SE, Bean LJ, Gripp KW, Amemiya A, editors (eds.). GeneReviews® [Internet]. Seattle (WA): 
University of Washington, Seattle. PMID 20301425.



Turner syndrom
Only one copy of 
chr X

Chromosomal mutations

Down 
syndrom

Three 
copies of 

chr 21

Cri-du-chat
Partial deletion on chr 5

William syndrome
Partial deletion on chr 7

Edward’s syndrome
3 copies of chr 18
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Tools and Databases Supporting Genetic Testing

Norwegian products 
supporting workflow and 
decision-making
• Example: https://ous-
research.no/home/digigen/Prod
ucts/19426

Reference genomes
• GRCh38/hg38 is most 
commonly used today

International databases
• National Library of Medicine, 
https://www.ncbi.nlm.nih.gov/home/genes
• OMIM - An Online Catalog of Human Genes 
and Genetic Disorders, https://omim.org
• GnomAD, https://gnomad.broadinstitute.org
• Genome Browser, https://genome.ucsc.edu

The patients medical records 
(EPJ)
• Symptoms
• Test results
• Imaging results
• Family history

Norwegian databases
• VARDE Norwegian variant 

classification
• Variant frequency in local

databases og 
variant.norgene.no

Question: Is there a genetic
variant which cause the

symptomes?  



Workflow at the Lab of Medical Genetics
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Workflow at the Lab of Medical Genetics:

1) Choose right analysis
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• Choose parts of the DNA to analyse 
(«panels»)

• Many of the panels used are 
described at Genetikkportalen

• Examples of additional data which
might be helpful for the hospital:

• The patient’s symptoms, age, sex
• Suspected condition
• Results of relevant blood tests, 

radiological images
• Related diseases in family



Workflow at the Lab of Medical Genetics:

2) Perform analysis

34
Source: https://bitesizebio.com/13546/sequencing-by-synthesis-explaining-the-illumina-sequencing-technology
and An Introduction to Next-Generation Sequencing Technology

Example: Sequencing-by-
synthesis (Illumina)

The entire human genome consists of more than 3 billion 
base pairs (3 x 10⁹) and contains around 20,000–25,000 
genes.

One genome is typically 100 gigabytes of raw data. 



If printed out 1 mm 
apart, the DNA letters 
in your genome would 

extend 3,000 km. 

Credit: Laura Olivares Boldú / Wellcome Connecting Science



• “Variant calling” is the process of 
identifying differences in DNA sequences 
between a sample and a reference 
genome. 

• The sequenced DNA is aligned 
(matched) to a known reference genome

• During this comparison, genetic variants
are found

Workflow at the Lab of Medical Genetics:

3) Variant calling



A reference genome is a digital DNA sequence used as a standard to compare 
individual genomes.

• Human genome 38 (hg38) or GRCh38 is the current standard in most contexts

• GRCh37 (hg19) is still used in older tools/datasets

• T2T-CHM13 is a groundbreaking full genome, including previously missing
parts, but is not yet fully adopted in clinical practice



Reference genome GRCh38: https://www.ncbi.nlm.nih.gov/gdv/browser/genome/?id=GCF_000001405.40



Read more about the variant at

https://www.ncbi.nlm.nih.gov/snp/rs104886270

Categories:

5 – pathogenic variant
4 – likely pathogenic variant
3 – variant of uncertain significance
(VUS) 
2 – likely benign variant
1 – benign variant

Workflow at the Lab of Medical Genetics:

4) Variant interpretation
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The most relevant 
candidate variants are
interpreted

Sometimes a genetic cause
matching the symptomes is 
found, in other cases it’s not

Workflow at the Lab of Medical Genetics:

5) Diagnosis
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Personalised Medicine

Also see: https://www.regjeringen.no/contentassets/c0ab0380265445e58508c36e51e5561b/no/pdfs/strategi-for-persontilpasset-medisin.pdf, 
http://www.helsenorge.no/persontilpasset-medisin. Image to the right: Example schematic of use of personalized medicine. From Personalised medicine, ABPI

• Diagnosis – fast 
and correct

• Medical treatment 
(most common: 
choose right 
cancer medicine)
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DNA of tumor 
DNA of person 
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International Databases

ClinVar Ensembl NCBI Gene

RefSeqGene UCSC Genome
Browser

HGMD (need
account)

48



Some important

European Cooperation Initiatives

1+ Million 
Genomes
(1+MG) 
Initiative 

Including the
project 

Genome of 
Europe

European 
Genomic Data 
Infrastructure 

(GDI)

Horizon 
Europe

ELIXIR 
(European 

Life-Science 
Infrastructure
for Biological
Information)

European 
Health Data 

Space (EHDS)

EATRIS 
(European 

Infrastructure
for 

Translational
Medicine)



Ongoing Work

Data standards 
for genomic

data

Secure
infrastructure

for data sharing

Federated data 
access models

Platforms for 
secure genomic 

data sharing

AI and high-
performance 
computing

Genomic 
research
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Read more: https://biotechnologyjobs.co.uk/industry-insights/biotechnology-sector-predictions-for-the-next-5-years-technological-progress-emerging-applications-and-the-evolving-job-market, 
Nanobots Will Be Flowing Through Your Body by 2030



Ethical Dilemmas
What contributes (most) to a good life?

Common values and principles in medical ethics:

• Autonomy (including informed consent)

• The right to know – and the right not to know 
(about the future)

• Do no harm

• Promote well-being

• Justice

• Trust

• … and more
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Petrucelli N, Daly MB, Pal T (September 1998). "BRCA1- and BRCA2-Associated Hereditary Breast and Ovarian Cancer". In 
Adam MP, Feldman J, Mirzaa GM, Pagon RA, Wallace SE, Bean LJ, Gripp KW, Amemiya A, editors (eds.). GeneReviews® 
[Internet]. Seattle (WA): University of Washington, Seattle. PMID 20301425.

In a family with multiple cases of breast 
cancer, several members carry a disease-

related gene variant. 

A man, whose mother died of breast 
cancer, is advised to get genetic 

counseling and testing, but he declines 
because his own risk is low. 

However, his adult daughter could be at 
high risk if she inherited the variant. 

The doctor faces a conflict between 1) 
respecting the man's autonomy and 2) 
protecting the daughter’s right to know, 
while confidentiality prevents disclosing 

the man’s genetic information without his 
consent.



Work together in groups with an ethical dilemma 

Exercise:

Choose one of the 
following ethical 
dilemmas, and discuss it 
in groups

You may use the SME 
model if you want to
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https://www.med.uio.no/helsam/tjenester/kunnskap/etikk-helsetjenesten/sme-modellen/index.html

The SME-model

1.Define the ethical problem(s)
2.Describe facts
3.Provide details of the parties involved
4.Identify the values, ethical principles and 
laws at stake
5.Based on the above, identify and discuss 
possible solutions of the case
6.Conclusion, follow up and evaluation



Dilemma: Do you want to know about genetic
findings?
• If you agreed to participate in research based on 

your DNA, would you want to be informed if you 
carried genetic variants associated with diseases 
that you are highly likely to develop, and for which 
treatment is available—and why or why not?

• Examples of such genetic variants:
• Variants that increase the risk of cancer like the BRCA1 

and BRCA2 (see the picture to the right)
• Variants associated with heart conditions that can lead 

to sudden death as the first symptom
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What considerations would be important to you when deciding whether to receive results about such genetic 
findings?



Dilemma: Sex Verification
Testing of athletes
• SRY is a gene located on the Y chromosome that 

is necessary for initiating male development, 
including traits such as greater muscle mass, 
strength, and oxygen transport.

• Some sports organizations are considering 
introducing genetic testing for the SRY gene 

• The test is carried out to ensure that women in 
the women’s category compete under equal 
conditions

• Women with the SRY gene will be excluded from 
competitions. Some of these women may not be 
aware that they carry the SRY gene before testing

Define different perspectives and ethical challenges 
57



Dilemma: DNA test reveals he is not 
the child’s father
A child has a serious illness that doctors haven’t 
been able to diagnose. 

They perform a so-called trio test, which is a genetic 
test of both parents and the child, to identify de novo 
mutations in the child (mutations that are not present 
in the healthy parents).

The test fail, since it reveales that the man is not the 
child’s biological father.

Define ethical challenges 

If you were a staff member at this laboratory, what 
would you do? List alternatives with advantages and 
disadvantages



Dilemma: Do you want to live with 
or without the knowledge of a 
serious future diagnosis?
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Discuss arguments for and against being 
informed about the risk of diseases that 
cannot currently be cured.

Text from the article: 

“I had the idea that I would be able to interpret the 
results myself, despite knowing that it involved an 

enormous amount of raw data”, she says, shaking her 
head at her own naïveté

With 95 percent certainty, she will have measurable 
amyloid plaques in her brain—a hallmark of 

Alzheimer's—by the age of 65. Whether this will then 
affect her cognitive abilities, she does not know. But it 

is likely.



Dilemma: Is it 
acceptable for 
commercial companies 
to sell gene databases?

Discuss arguments for and 
against.



Dilemma: When you wish to 
be informed about a 
genetic condition, while 
your relatives prefer not to 
know.

Is it acceptable for you to take a 
genetic test to find out if you have 
inherited a disease gene, when your 
parents do not want to know 
whether they have inherited it? 

Discuss arguments for and against 
undergoing genetic testing

Screenshot from https://lommelegen.dagbladet.no/gener-og-arv/artikkel/gentesting-hvor-mye-vil-du-egentlig-vite/69860705



Dilemma: Healthy 
child?
Some fertility companies 
offer to compare the 
mother’s and donor’s 
genes to avoid shared 
disease genes and 
increase the chance of a 
healthy child. 

Would you use this 
service if it were up to 
you?

Why – why not? Argue



Read more here: https://www.helsedirektoratet.no/forebygging-diagnose-og-behandling/diagnose-og-behandling/persontilpasset-medisin/regelverk



Siv Anette Fjellkårstad

Siv.Anette.Fjellkarstad@helsedir.no



Thank you!
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